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Immunohistochemical demonstration of cyclooxygenase-2
(COX-2) and prostaglandin receptors EP2 and FP expression in
the bovine intercaruncular uterine wall around term
Abstract
During parturition, uterine-derived prostaglandins (PG) play an outstanding role regarding the functional
elimination of the corpus luteum and the promotion of uterine contraction. The rate-limiting enzyme
cyclooxygenase-2 (COX-2), highly regulated in a cell-type and localization specific manner throughout
pregnancy, is involved in uterine prostanoid production. Prostaglandins exert their effects via
G-protein-coupled receptors. Distribution and cellular localization of these receptors are decisive factors
for prostaglandin-mediated actions. Since both COX-2 and PG receptors have only been assessed during
pregnancy in the cow, these parameters were localized immunohistochemically near term to evaluate
their specific role at parturition. Thus, during two periods, segments of the intercaruncular uterine wall
were collected from cows at slaughter being eight and nine months pregnant, from cattle during
caesarean section, and after spontaneous calving. Results reveal that COX-2 was mainly localized in the
cytoplasm of surface epithelial cells with a high expression in animals with induced parturition. The
enzyme could also be found in lower concentrations within the glandular epithelium without any effect
of gestational time or labour. In contrast to relaxant prostaglandin E receptor type 2 (EP2), not showing
any change in all tissue layers observed, contractile prostaglandin F(2alpha) receptor (FP) was
modulated during the peripartal period revealing a peak expression in animals with induced parturition.
FP was localized in surface and glandular epithelial cells as well as in endometrial stroma and
myometrial smooth muscle cells. Our study indicates that labour and induction of parturition may have
an effect on amounts of immunohistochemically detectable COX-2 and FP. EP2 remains rather
unchanged during the peripartal period. COX-2 and FP thus contribute via changes in amount and
distribution to mechanisms associated with parturition.
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Abstract: 1 
During parturition uterine derived prostaglandins (PG) play an outstanding role 2 
regarding the functional elimination of the corpus luteum and the promotion of uterine 3 
contraction. The rate-limiting enzyme Cyclooxygenase-2 (COX-2), highly regulated in 4 
a cell-type and localization specific manner throughout pregnancy, is involved in 5 
uterine prostanoid production. Prostaglandins exert their effects via G protein-6 
coupled receptors. Distribution and cellular localization of these receptors are 7 
decisive factors for prostaglandin-mediated actions. Since both, COX-2 and PG 8 
receptors have only been assessed during pregnancy in the cow, these parameters 9 
were localized immunohistochemically near term to evaluate their specific role at 10 
parturition. Thus, during two periods, segments of the intercaruncular uterine wall 11 
were collected from cows at slaughter being eight and nine months pregnant, from 12 
cattle during caesarean section, and after spontaneous calving.  13 
Results reveal that COX-2 was mainly localized in the cytoplasm of surface epithelial 14 
cells with a high expression in animals with induced parturition. The enzyme could 15 
also be found in lower concentrations within the glandular epithelium without any 16 
effect of gestational time or labour. In contrast to relaxant prostaglandin E receptor 17 
type 2 (EP2), not showing any change in all tissue layers observed, contractile 18 
prostaglandin F2α receptor (FP) was modulated during the peripartal period revealing 19 
a peak expression in animals with induced parturition. FP was localized in surface 20 
and glandular epithelial cells as well as in endometrial stroma and myometrial 21 
smooth muscle cells. 22 
Our study indicates that labour and induction of parturition may have an effect on 23 
amounts of immunohistochemically detectable COX-2 and FP. EP2 remains rather 24 
unchanged during the peripartal period. COX-2 and FP thus contribute via changes 25 
in amount and distribution to mechanisms associated with parturition. 26 
 4 
1. Introduction: 1 
Prostaglandins (PGs) are local mediators produced by a wide range of tissues. 2 
Within the reproductive tract they play an important role in many physiological and 3 
pathological processes such as ovulation, fertilization, implantation, pregnancy and 4 
term, documented by a great number of studies. To some extend these studies take 5 
into consideration the physiology of uteroplacental PG production (Lim et al., 1997; 6 
Ma et al., 1999; Arosh et al., 2002, 2003, 2004b). 7 
PGs, synthesized in a multi-step pathway from arachidonic acid, employing the rate-8 
limiting enzyme cyclooxygenase (COX), exert their effects primarily through G-9 
protein-coupled receptors. At the level of the uterine wall, receptors for PGs, 10 
localized at cellular membranes, can be assorted into two different main groups: 11 
relaxant and contractile receptors (Narumiya et al., 1999). Via those receptors, which 12 
are thought to be up- or down-regulated during pregnancy and towards term, PGs 13 
strongly influence cellular metabolism and thus act as potent mediators. 14 
Cyclooxygenases, the pivotal enzymes catalyzing PG production, exist in two 15 
different isoforms. COX-1, constitutively expressed in most tissues and responsible 16 
for generating housekeeping PGs (Arosh et al., 2004b; Lim et al., 1997), and COX-2, 17 
which is an inducible enzyme, highly modulated in uteroplacental tissues (Arosh et 18 
al., 2004b; Schuler et al., 2006) and playing a role in various pathological and 19 
physiological conditions (Arosh et al., 2002). 20 
None of the studies mentioned above focus on the very peripartal period in order to 21 
elucidate the specific mechanisms by which uterine activity is regulated from day 270 22 
of gestation and upwards. Since bovine placentomes have been subject of numerous 23 
studies (Fuchs et al., 1999; Arosh et al., 2004b; Schuler et al., 2006) and examined 24 
thoroughly regarding COX-2 and PG receptors, the present study is focussing on the 25 
intercaruncular wall. 26 
 5 
The aim of this study - using differently handled tissues collected during two sampling 1 
periods - is to employ semiquantitative immunohistochemical methods in order to 2 
provide a deeper insight into synthesis and effects of PGs. By localizing and 3 
assessing the amount of the rate-limiting enzyme COX-2, more information will be 4 
available about the sites and capacities for PG production and its regulation in the 5 
bovine uterus near term. The evaluation of EP2 and FP receptors, i. e. their 6 
distribution pattern and amount depending on the stage of gestation and labour will 7 
contribute to a better understanding of the final PG-mediated mechanisms around 8 
birth. 9 
 10 
2. Materials and Methods: 11 
2.1. Animals: 12 
The 35 animals enrolled in the present study (table 1) all belonged to the “Holstein 13 
Frisian” breed. During the first sampling period (in 1997) uteri of 11 pregnant cows 14 
were collected at the local abattoir. Six cows were in the 8th (group Ia) and five cows 15 
in the 9th month of gestation (group Ib). 30 minutes after being stunned by bolt pistol, 16 
the animals were eviscerated and samples were taken. Following a short 17 
macroscopical assessment, a complete cross section was done through the 18 
intercaruncular uterine wall. Duration of pregnancy was estimated by measuring 19 
foetal crown-rump length and staging was performed according to Schnorr and 20 
Kressin (2001). Additional five pre-partum cows being 274 - 282 days post 21 
insemination (group IIa), housed at the Clinic for Cattle of the University of Veterinary 22 
Medicine Hanover, Germany, entered the study. Animals received 1mg Cloprostenol 23 
(Estrumate®, Essex Tierarznei, Munich, Germany) per cow to induce calf lung 24 
maturation (Zaremba et al., 1997) and induce birth. Caesarean sections were 25 
performed 27 h later under local anaesthesia with cows standing. The cows did not 26 
 6 
show any clinical sign of labour. Four more cows were at term in labour, suffering 1 
from severe dystocia (group III) and received a caesarean section as therapy. 2 
Samples were taken from these cows within the intercaruncular segments of the 3 
uterine wall along the cut of the uterus after the delivery of the calf. 4 
The second sampling period (in 2004) focussed on the very peripartal period and the 5 
effect of a PGF2α agonist and of spontaneous birth. Six cows (272 - 276 days after 6 
insemination, housed at the Federal Agricultural Research Centre, D-31535 7 
Neustadt-Mariensee, Germany) received a premature caesarean section without any 8 
pre-treatment (group IIb) or 27 h after the application of 1 mg Cloprostenol-Na per 9 
cow (n = 5, group IIc, 269 - 273 days after insemination; cows housed at the Clinic for 10 
Cattle, University of Veterinary Medicine Hanover, Germany) and tissue samples 11 
were collected as mentioned above. Another four cows (group IV) also housed at the 12 
Federal Agricultural Research Centre, Neustadt-Mariensee, Germany, spontaneously 13 
delivered living calves without any problems. Following expulsion of the offspring, 14 
biopsy samples have been taken per vaginam using a biopsy forceps (Narco Pilling, 15 
Fort Washington, PA, USA) within 30 min post partum. 16 
 17 
2.2 Sample Preparation: 18 
Immediately after excision the samples were immersed into 4% neutral buffered 19 
formalin for 24 h. Thereafter they were rinsed in tap water for 20 h. 20 
Subsequently the samples (sampling period1, 1997) were dehydrated in 50%, 70%, 21 
80% (24 h each) and 96% alcohol (4-5 h), transferred to acetic acid-n-butyl ester (3-22 
4h; Riedel-de-Haën, Seelze, Germany) and immersed consecutively into Paraplast 23 
Plus® (Sheerwood Medical, St Louis, MO), which was renewed after 12 h, 2 h and 2 h 24 
at 60 °C, respectively. Finally the tissues were embedded in Paraplast Plus®. 25 
 7 
For sampling period 2, further processing of tissue probes was done using an 1 
automatic tissue processor and different intermedia (TP1020®, Leica, Wetzlar, 2 
Germany). The duration of each step was 2 x 4 h each and the reagents were 3 
ethanol (70%, 96%, 100%), benzoic acid methyl ester, xylene and paraffin 4 
(Histowax®, Leica, Wetzlar, Germany). Following this procedure, tissue samples were 5 
embedded in Histowax®. 6 
Histological sections of 4 µm thickness were performed using a rotation microtome 7 
(RM2155®, Leica, Wetzlar, Germany), placed upon adhesive glass slides (SuperFrost 8 
Plus®, Menzel-Gläser, Braunschweig, Germany) and heat dried at 60 °C for 30 min. 9 
 10 
2.3. Immunolocalization of PGE receptor type 2 (EP2), PGF2α receptor (FP) and 11 
COX-2: 12 
Immunolocalization was performed using a Vectastain ABC Elite® Kit (Vector 13 
Laboratories Inc., Burlingame, CA, USA) according to the manufacturer’s protocols. If 14 
not stated otherwise all actions were carried out at room temperature. 15 
During the EP2 protocol endogenous peroxidase was blocked using 0.3% hydrogen 16 
peroxide in methanol, whilst FP and COX-2 protocols required quenching the 17 
endogenous peroxidase with 3% hydrogen peroxide in demineralised water. 18 
Following the avidin-biotin block (Vector Laboratories Inc., Burlingame, CA, USA), 19 
either normal serum block (EP2) or a protein block (DakoCytomation, Zug, 20 
Switzerland) was performed (FP, COX-2). 21 
The antibody used in EP2 immunohistochemistry was a polyclonal rabbit antihuman 22 
EP2 antibody (Catalogue No. 101 750, Cayman Chemical, Ann Arbor, MI, USA) in a 23 
1:500 dilution with a tested specificity for bovine EP2 receptor (Arosh et al., 2003, 24 
2004b). The incubation time was 1 h. For a negative control, rabbit IgG (Vector 25 
 8 
Laboratories Inc., Burlingame, CA, USA) was used matching the same protein 1 
concentration as the primary antibody. 2 
FP immunohistochemistry was realized employing a polyclonal rabbit antibody 3 
(Catalogue No. 101 803, Cayman Chemical, Ann Arbor, MI, USA) in a dilution of 4 
1:100, corresponding a protein concentration of 5 µg/ml. The primary antibody was 5 
applied for 2.5 h. The negative control was carried out using rabbit IgG (Vector 6 
Laboratories Inc., Burlingame, CA, USA), matching the same protein concentration 7 
as the primary antibody. A late phase of formation bovine corpus luteum was used 8 
for a positive control (Boos et al., 1987). Antigen retrieval was done by microwave 9 
heating for 3 times 4 min in citrate buffer (pH 6.0, 0.01 mol, Medite, Nunningen, 10 
Switzerland) at boiling temperature. 11 
Immunohistochemistry for the rate-limiting enzyme COX-2 was done employing a 12 
rabbit monoclonal antibody in a dilution of 1:100 (Catalogue No. RM-9121-S1, 13 
NeoMarkers Inc., Fremont, Ca, USA). Incubation lasted 2.5 h. TBS and rabbit IgG 14 
(Vector Laboratories Inc., Burlingame, CA, USA) were used as negative controls, 15 
while a bovine placentome represented the positive control. Additionally in COX-2 16 
immunohistochemistry, antigen retrieval was done by microwave heating for 3 times 17 
4 min in citrate buffer (pH 6.0, 0.01 mol, Medite, Nunningen, Switzerland) at boiling 18 
temperature. 19 
 20 
3. Assessment and Analysis 21 
The microscopic analysis of the slides was done with a light microscope (Leica 22 
DMLB, Leica Microsystems AG, Glattbrugg, Switzerland). Following 23 
histomorphological examination, the slides were assessed with a computerized 24 
digital camera (Colorview 12, Leica Microsystems AG, Glattbrugg, Switzerland) 25 
analyzing the mean colour intensity - i. e. grey scale values - of cells or tissues. The 26 
 9 
software used was analySIS Pro® (version 5.0; Soft Imaging System GmbH, Münster, 1 
Germany). This procedure was always performed under standardized conditions thus 2 
eliminating primarily errors normally occurring during visual grading of histochemical 3 
colour intensities. This does, however, not eliminate inter-assay variations, which are 4 
caused by the use of slides processed histochemically in several succeeding batches 5 
(Grube, 2004; Taylor and Levenson, 2006). Digitalized pictures were taken, white 6 
balance was done - i.e. measurement in a tissue-free district of the section thus 7 
representing 100 % transmission, randomly selected regions of interest were defined 8 
containing immunopositive structures such as endometrial surface epithelium (SE), 9 
epithelium of glandular tubules (GT), superficial stroma (SS), myometrial smooth 10 
muscle tissue or perimetrial stromal cells and colour intensity was measured. 11 
Only cytoplasmic areas were incorporated by selecting respective rectangular 12 
regions of interest, when surface and glandular epithelia and perimetrial cells were 13 
assessed. Data concerning superficial stroma represent values obtained from 14 
regions of interest randomly selected from this layer, i. e. including cells and 15 
intercellular spaces. Myometrium was examined by the same procedure (EP2) or - in 16 
the case of FP - only randomly selected nuclear areas were measured.  17 
While EP2 immunoreactivities could be measured in all layers, FP was missing in the 18 
perimetrium and COX-2 analysis was restricted to surface and glandular epithelia, 19 
being the only immunopositive structures.  20 
The mean colour intensity - i. e. grey scale value - of a selected structure within a 21 
region of interest was measured employing 256 different colour levels, whereas zero 22 
represents black and 255 represents white. This means that high grey scale values 23 
correspond to low immunoreaction intensities. 24 
 10 
After assessing different tissue areas or cytoplasmic districts within the pictures, for 1 
each immunopositive structure per slide a mean value per structure and animal was 2 
calculated and used for further statistical analyses. 3 
 4 
4. Statistical analysis: 5 
Statistical analysis was performed using StatView 5.1, SAS Institute Inc, NC, USA. 6 
Analysis of variance (ANOVA) for repeated measurements with 2 independent 7 
factors and Bonferroni post hoc procedure for factorial ANOVA were performed 8 
employing mean values per structure and animal. Factors evaluated were stage of 9 
pregnancy, i. e. various groups and specific cell or tissue types. Results were 10 
documented using mean values and standard errors. Without further information 11 
differences with a probability of error of p<0.05 were designated as significant. 12 
 13 
5. Results: 14 
5.1. EP2: 15 
EP2 was histochemically detected and assessed in all layers of the bovine 16 
intercaruncular uterine wall, i.e. surface epithelium, glandular epithelium, superficial 17 
stroma, myometrium and perimetrium (fig. 1a). The intracellular localization was 18 
diffuse cytoplasmic (fig. 1a,b). Basal and superficial parts of glands did not exhibit 19 
differences in staining intensities (fig. 1a). Endothelial cells were immunopositive in 20 
all samples (fig. 1b,c). 21 
Mean colour intensities (table 2) - i. e. grey scale values - did not differ between 22 
groups included in the present study, thus, neither reproductive stage nor induction of 23 
premature labour did influence the amount of immunohistochemically detectable 24 
EP2. Significant differences could, however, be detected regarding EP2-distribution 25 
between the different layers of the uterine wall. Staining intensities could be ranged 26 
 11 
in the following order: perimetrial stromal cells > surface epithelium > glandular 1 
epithelium and superficial stroma > myometrium (area measurements). Differences 2 
were, however, not significant between the cell types or area measurements, 3 
respectively (p>0.05). 4 
 5 
5.2. FP: 6 
FP, the receptor for PGF2α, was immunohistochemically traceable and assessed in 7 
all layers of the bovine uterine wall except for the perimetrium (figs. 1d-j). In surface 8 
epithelial cells, glandular epithelial cells and in stromal cells FP was localized in the 9 
cytoplasm (fig. 1d,e,g,h). In myometrial smooth muscle cells FP was located in the 10 
nucleus (fig. 1f,i,j) and cytoplasm (fig.1j). 11 
Immunoreaction of surface epithelium exhibited significant differences between 12 
groups assessed in sampling period 1 (fig. 1d,e vs. fig. 1g,h). FP grey scale values of 13 
animals undergoing premature caesarean section following PGF2α-analogue 14 
application between days 274 and 282 of pregnancy (IIa) were significantly lower as 15 
in those animals being in month eight of pregnancy (Ia). In uterine glands, group IIa 16 
also exhibited lower grey scale values compared to all other groups (Ia, Ib and III). In 17 
sampling period 2 no such differences could be detected (table 2). 18 
Staining intensities did not differ significantly between surface epithelium, glandular 19 
epithelium and myometrial nuclei (p>0.05, table 2). 20 
 21 
5.3. COX-2: 22 
The enzyme could be detected in surface and glandular epithelia (fig. 1k-o). Some 23 
slides, independent from gestational time or labour, showed a more intense staining 24 
of deeper glands. Subepithelial stroma and perimetrium did not show a reproducible 25 
and specific reaction for COX-2 (fig. 1k,m,o). Within the myometrium, a slight 26 
 12 
immunoreaction was observed in few cases, but it was not possible to determine a 1 
clear correlation with the different groups. Endothelial cells consistently stained in a 2 
weak manner (fig. 1k). Intracellular localization of COX-2 was perinuclear and 3 
cytoplasmic in both surface and glandular epithelial cells. 4 
In sampling period 1, no significant changes could be detected between groups 5 
involved. In sampling period 2, however, significant effects were observed in the 6 
surface epithelium (fig. 1k vs. fig. 1m,o). Induction of parturition employing a PGF2α-7 
analogue and post partum gained biopsies exhibited significantly lower grey scale 8 
values, i. e. higher immunoreactivities, compared to animals undergoing premature 9 
caesarean section without induction of labour (groups IIc & IV vs. IIb, see table 2). 10 
Mean COX-2 grey scale values in surface epithelium were lower as in glandular 11 
epithelium. Differences were significant in all groups of sampling period 2 and in 12 
animals with dystocia (groups IIb, IIc, III and IV). The same tendency was also visible 13 
in the other groups of sampling period 1 (p>0.05, table 2). 14 
 15 
6. Discussion: 16 
Well-established histochemical procedures were used to localise EP2, FP and COX-17 
2 proteins within the bovine intercaruncular uterine wall (see e. g. Arosh et al., 2003, 18 
2004b; Schuler et al., 2006). Antibodies for EP2 and FP were already tested for cross 19 
reactivities with the bovine proteins (Arosh et al., 2003, 2004b). Specificity of COX-2 20 
antibodies is based on immunohistochemistry on positive control sections using 21 
bovine placental tissues and obtaining identical results as Schuler et al., (2006), who 22 
used an antibody with proven cross-reactivity with the bovine antigen. While in most 23 
immunohistochemical studies grading of specific staining is done visually, a 24 
computerized grey-scale measuring device was used in the present study to 25 
minimize errors caused by the insufficient grading capacities of the human eye and 26 
 13 
several observer-based problems such as subjectivity, fatigue, intra- and 1 
interobserver variability of manual, visual-based semiquantitative estimation of 2 
intensity (Grube 2004; Taylor and Levenson, 2006). Thus objective grey values 3 
ranging from 1 to 255 were the basis for statistical analysis resulting in significant 4 
differences for some of the parameters evaluated. It should, however, be mentioned 5 
that - although quantified microdensitometrically - the results obtained by this 6 
methodology may only be referred to as semiquantitative (Grube, 2004; Taylor and 7 
Levenson, 2006). 8 
 9 
EP2 receptor protein was generally traceable in all uterine layers, being consistent 10 
with immunohistochemical results obtained by Arosh et al., (2004b) in bovine 11 
intercaruncular tissue. In addition to Aroshs' findings, in the present study EP2 12 
protein was also localized within the perimetrial layer of the uterine wall. The 13 
question, whether fibroblasts and fibrocytes do express prostaglandin receptors or 14 
not, has been positively answered by several studies (Kojima et al., 2003; Kolodsick 15 
et al., 2003; Jia and Turek 2004; Ruwanpura et al., 2004) providing proof for PGE 16 
receptors on fibroblasts and therefore underlining our findings. 17 
Within the bovine intercaruncular tissue, distribution and amount of the receptor has 18 
been investigated covering the entire gestational period lacking only preterm and 19 
term animals. Real time RT-PCR and Western analysis of the intercaruncular tissue - 20 
quantified with densitometry - revealed a relatively high expression of the receptor 21 
during midgestation and a slight decline between days 200 and 250 of gestation. 22 
Especially surface epithelia and myometrium reacted in a strong manner (Arosh et 23 
al., 2004b). As shown in the present study, the relatively high expression, however, 24 
did not decline significantly from the eighth month of gestation until term or even 25 
during the peripartal period respectively. 26 
 14 
Our findings are also consistent with results from studies in other species, 1 
demonstrating that the uterine amount of EP2 protein remained at a constant level 2 
around term (Ma et al., 1999; Brodt-Eppley and Myatt, 1998, 1999). 3 
Relaxant EP2 activates cAMP and thus is a factor responsible for maintaining uterine 4 
quiescence during pregnancy. At first sight, the absence of a final decline in the 5 
amount of receptor protein might be surprising since labour necessitates a contractile 6 
uterine wall. An up-regulation of contractile factors like FP could easily help to 7 
overcome inhibitory effects of EP2. Quiescence is not only mediated by EP2 but also 8 
by EP4, another relaxant receptor, which is said to be significantly upregulated during 9 
ovine labour (Ma et al., 1999). This, again, seems to be bewildering and led to the 10 
assumption that EP4 might have an influence on myometrial blood vessels leading to 11 
an increased blood flow during labour (Ma et al., 1999). 12 
 13 
Immunohistochemistry for prostaglandin F2α receptor FP was carried out utilizing 14 
primary antibodies cross-reacting with the bovine protein (Arosh et al., 2003, 2004b) 15 
and histological slides of corpus luteum, the organ expressing FP abundantly in most 16 
species as positive controls (Sakamoto et al., 1995; Narumiya et al., 1999; Arosh et 17 
al., 2004a). The receptors' cellular and intracellular localization was subject in many 18 
studies (see e.g. Ocklind et al., 1997; Al-Matubsi et al., 2001). Findings of the present 19 
study match outcomes of these surveys, where the receptor was found in cytosolic 20 
as well as in the nuclear fractions. Detection and verification of the PGF2α receptor in 21 
stromal cells of the bovine uterus is supported by findings of Woodward et al., (2000), 22 
demonstrating FP on dermal fibroblasts. No immunohistochemical study of FP 23 
distribution within the bovine uterus could be found in literature. The current study 24 
therefore is an expansion of the recent knowledge concerning cellular FP protein 25 
localization within the bovine intercaruncular wall. 26 
 15 
Obtaining uterine quiescence during pregnancy and fulfilling a shift to contractility at 1 
term may require a change in receptor expression as well as a shift in receptor 2 
responsiveness. It is discussed, that uterine calmness with ongoing gestation is not 3 
only mediated by low contractile and high relaxant receptor expression but also by 4 
changes in prostaglandin synthesis (Gyomorey et al., 2000a, b). Increased amounts 5 
of receptors for PGF2α are thought to be important for the onset of labour contractions 6 
as well as for maintaining postpartal contractions to achieve uterine involution (Brodt-7 
Eppley and Myatt, 1998). Since FP is considered as a contractile receptor an 8 
increase of its amount towards term seems to contribute to uterine contractions 9 
during labour. 10 
Ovine FP was subject of interest in a Northern Blot analysis performed on 11 
intercaruncular endometrium and myometrium. Within the latter, there was a 12 
significant change during labour while FP was undetectable in the endometrium (Ma 13 
et al., 1999). These findings to some extent go along with the results of the present 14 
study: a clear and significant increase of FP amount in surface and glandular 15 
epithelium was found in animals with induced parturition during sampling period 1 as 16 
compared to the eighth month of pregnancy or to the eighth and ninth month of 17 
gestation as well as to animals treated for dystocia and resulting in retention of fetal 18 
membranes. The fact that no endometrial FP was found in ovine endometrium by Ma 19 
et al., (1999), but that it was obviously present within bovine endometrial cells can be 20 
attributed to species-specific differences regarding FP distribution. 21 
A RT-PCR survey on bovine tissue revealed, that with ongoing pregnancy - until day 22 
250 - there was no change in receptor mRNA concentration (Arosh et al., 2004b). 23 
The fact that the first two groups of sampling period 1 (months 8 and 9) of the 24 
present study remained at a rather constant staining intensity indicating an 25 
unchanged protein amount, confirms Aroshs' findings. But this study was not 26 
 16 
focussed on the peripartal period and additionally did not divide between surface and 1 
glandular epithelium, where a significant increase could be detected at induced 2 
parturition in the present study. The amount of FP slightly - but not significantly - 3 
increased in both sampling periods during induced parturition within the myometrium 4 
reflecting a possible slight increased myometrial responsiveness to PGF2α at term. 5 
This increase in surface, glandular and myometrial FP was, however, no longer 6 
visible in animals retaining fetal membranes and/or suffering from severe dystocia 7 
(IIa vs. Ia, Ib & III). 8 
Summarizing these results, it becomes apparent that neither EP2 nor FP for 9 
themselves can account for mediating onset of labour, but that there is a large 10 
quantity of factors influencing uterine quiescence during pregnancy and contraction 11 
at term as well. 12 
 13 
COX-2-immunohistochemistry was performed employing a rabbit monoclonal 14 
antibody with a proven species reactivity for human and mouse tissue. The specificity 15 
of the antibody for bovine tissue was confirmed with positive controls of bovine 16 
placentomes, leading to identical results as reported by Schuler et al., (2006). I.e. 17 
sections of placentomes obtained from animals of the same gestational age exhibited 18 
identical distribution patterns of COX-2 protein as seen in Schuler’s paper and kindly 19 
provided figures (Schuler et al., 2006). 20 
Recently performed studies focussed on COX-2 only, omitting research on COX-1, 21 
because it is widely accepted, that COX-1 mRNA and protein are constitutively 22 
expressed. The level of COX-1 within the bovine reproductive tissues are proven to 23 
be very low and not modulated during bovine pregnancy (Arosh et al., 2004b; Fuchs 24 
et al., 1999). 25 
 17 
The COX-2 enzyme was found at perinuclear and cytoplasmic intracellular 1 
localizations in the present study. These results are consistent with findings by 2 
several authors (Rollins and Smith, 1980; Morita et al., 1995; Emond et al., 2004). 3 
COX-2-positive staining was observed within surface and glandular epithelia in the 4 
present study. These outcomes support immunohistochemical results of Arosh et al., 5 
(2004b), demonstrating the enzyme within endometrial surface epithelial cells and 6 
glandular epithelia. The present study did not detect COX-2 within the endometrial 7 
stroma, thus to some extent contradicts Aroshs' findings, locating the enzyme in very 8 
small amounts within stromal cells. It has to be taken into account that these 9 
differences might occur due to different ways of assessing the histological slides, due 10 
to background staining or due to different antibody reactivities. 11 
Myometrial smooth muscle cells did not show a strong specific reaction but slightly 12 
reacted in an unsteady manner. These findings underline outcomes by Emond et al., 13 
(2004), where the myometrium revealed only a faint signal in some cases. COX-2 14 
mRNA could also not be detected within ovine myometrium: the enzyme could 15 
neither be localized with in-situ hybridisation nor by means of immunohistochemistry 16 
(Gibb et al., 2000). Since other studies seemed to provide proof of COX-2 localized 17 
within the ovine myometrium (Wu et al., 1999; Gyomorey et al., 2000b) and also 18 
within the myometrium of other species (Moore et al., 1999), the question arises 19 
whether immunohistochemistry is a reliable method to detect very low amounts of 20 
cyclooxygenase within the myometrium. Further studies will be needed to light up this 21 
question. 22 
The rather low amount of immunohistochemically detectable COX-2 within the 23 
surface epithelium, as to be seen during the eighth and ninth month of pregnancy 24 
(exp. 1), is consistent with recent findings by Arosh et al., (2004b) and Fuchs et al., 25 
(1999), revealing that COX-2 mRNA expression in the bovine endometrium was 26 
 18 
rather weak during pregnancy. A low amount of COX-2, which was detected in non-1 
induced late pregnancies (group IIb), is consistent with these findings. These animals 2 
were undergoing caesarean sections without induced parturition and without any 3 
outward signs of parturition, therefore closely resembling animals slaughtered during 4 
month nine of pregnancy (group Ib). A stronger COX-2 immunoreaction within the 5 
surface epithelium was detected in animals with induced parturition and after the 6 
expulsion of the foetus (groups IIc & IV). These findings are compatible with recent 7 
results from Fuchs et al., (1999), where a stronger but not significantly higher 8 
expression around term was reported for bovine endometrium. In sampling period 1 a 9 
tendency was visible, indicating an increase in COX-2 protein immediately preterm 10 
and also immediately after the extraction of the foetus during a caesarean section 11 
(groups Ia & Ib vs. IIa & III). 12 
Studies on ovine intercaruncular tissues revealed an increase in COX-2 mRNA in 13 
animals with induced premature and spontaneous term labour (Wu et al., 2001). The 14 
enzyme in general is more intensely expressed in placentomal tissues, especially in 15 
uninucleated trophoblast cells (Arosh et al., 2004b; Schuler et al., 2006). Therefore, 16 
the major sites for prostaglandin production around term have to be the placentomes, 17 
especially the attached fetal membranes. 18 
Rate-limiting COX-2 was found at high concentrations in the surface epithelium of 19 
biopsy samples taken post partum, confirming results by Fuchs et al., (1999) and 20 
reflecting the finding that plasma concentrations of PGFM are elevated on the day 21 
after delivery  (Edqvist et al., 1978; Guilbault et al., 1984). Expression of COX-2, 22 
inducible by inflammatory stimuli or cytokines (Vane, 2000), might have been 23 
stimulated by the process of parturition as an answer to the trauma set to the 24 
endometrium during expulsion of the foetus. Ocytocin also has a strong effect on 25 
COX-2 transcripts within the endometrium (Fuchs et al., 1999). Since the release of 26 
 19 
this hormone is induced during parturition at the time, the foetus is within the birth 1 
canal (Hoffmann, 1993), a significant increase in transcripts of COX-2 can be 2 
demonstrated in the endometrium following this ocytocin-challenge, leading to the 3 
assumption of OT-induced PGF2α production during parturition (Fuchs et al., 1999). 4 
A rather high amount of the enzyme was also found in the group consisting of 5 
animals with caesarean section after severe dystocia (III), since severe insults and 6 
inflammatory stimuli go along with dystocia. 7 
Summarizing these results it becomes apparent, that birth and onset of labour can 8 
not only be explained with changes of prostaglandin receptors or prostaglandin 9 
synthesizing enzyme amounts alone. Receptors for prostaglandins within the same 10 
tissue are regulated differentially and therefore underlie regulatory mechanisms 11 
specific for each receptor (Ma et al., 1999). The enzyme cyclooxygenase 2 is 12 
exposed to and influenced by a wide range of factors only poorly elucidated yet. 13 
Additionally, the duty of prostaglandins within and from the endometrium cannot be 14 
explained sufficiently. 15 
With respect to PGF2α-induced luteolysis it has to be taken into consideration that it is 16 
rather the pulsatile secretion than an increased total amount of the PGF2α triggering 17 
cyclic luteolysis (McCracken et al., 1999). For this reason, also at the end of 18 
pregnancy pulsatility of PGF2α production might contribute to a stronger effect, and 19 
thus support increased receptor amounts. The up-regulation of FP within the bovine 20 
intercaruncular uterine wall has therefore to be considered as only one important part 21 
in the collectivity of contractile factors. 22 
Regarding the initiation of parturition, a shift from progesterone dominated to an 23 
estrogen dominated state caused by fetal glucocorticoids is the main event leading to 24 
a cascade of subsequent endocrine changes (Meinecke, 2005). Estrogens are 25 
 20 
thought to be effective stimulators of prostaglandin production by potentially up-1 
regulating COX-2 expression (Whittle et al., 2000; Schuler et al., 2006). 2 
Therefore the enzyme COX-2 and its up-regulation during labour have to be 3 
considered as an important autocrine contributor increasing PGF2α and thus 4 
mediating myometrial contraction. Via the autoregulation of prostaglandin production, 5 
as it is presented by Maldve et al. (2000), arachidonic acid and PGs themselves can 6 
induce COX-2. Several known and unknown factors therefore contribute to a higher 7 
concentration of the rate-limiting enzyme cyclooxygenase. Their interaction, though, 8 
is only basically approached, demanding more and thorough investigations. 9 
Therefore further studies are strongly needed to light up PG's function and final 10 
mechanisms of labour and birth.   11 
 12 
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Figure legend: 1 
 2 
Figure 1: Immunohistochemical detection of prostaglandin E2 receptor (EP2, left 3 
panel, a-c), prostaglandin F2α receptor (FP, intermediate panel, d-j) and of 4 
cyclooxygenase-2 (COX-2, right panel, k-n) in the intercaruncular uterine wall of 5 
cattle. EP2 (left panel) exhibits no significant differences between different groups 6 
and is detectable in all cell types, representative slide of an animal being 9 months 7 
pregnant (group Ib). Immunoreaction for FP (intermediate panel) is weaker in animals 8 
of group Ia (8th month) as compared to group IIa (d 274-d282, premature caesarean 9 
section 27 h after Cloprostenol; d-f vs. g-j). Myometrial smooth muscle cells exhibit 10 
cytoplasmic (CS) and nuclear (N) staining (see j). COX-2 immunoreaction (right 11 
panel) is weaker in group IIb (d272-d276, premature caesarean section) than in 12 
group IIc (d269-d273, premature caesarean section 27 h after Cloprostenol; k-l vs. 13 
m-n). Representative control employing non-immune IgG instead of specific primary 14 
antibodies. BV: small blood vessel, C: capillaries, CS: cytoplasmic staining in 15 
myometrial smooth muscle cells, DS: deep stroma, F: fibrocytes, G: cross sections 16 
through uterine glands, GO: gland opening, MM: myometrium, N: nuclear staining in 17 
myometrial smooth muscle cells, SE: surface epithelium, SMC: nucleus of a smooth 18 
muscle cell, SS: superficial stroma. 19 
20 
 29 
Table 1: Origin of tissue probes enrolled in this study 1 
sampling 
period 
group number of 
animals (n) 
pregnancy 
stage 
treatment 
1 Ia 6 8th month slaughter 
1 Ib 5 9th month slaughter 
1 IIa 5 d274-d282 aai 1 mg Cloprostenol-Na, pcs 
1 III 4 at term cs after dystocia 
2 IIb 6 d272-d276 aai pcs 
2 IIc 5 d269-d273 aai 1 mg Cloprostenol-Na, pcs 
2 IV 4 < 30 min after birth biopsy 
aai: after artificial insemination; cs: caesarean section; pcs: premature caesarean 2 
section 3 
4 
 30 
 1 
